With the success of wireless technologies, standard wireless technologies are envisioned for the deployment in industrial environments as well. The ultra-wideband (UWB) radio is focused on more deeply for its advantages. Comparing with the conventional wireless communication technology, UWB has its unique characteristics such as wider band, higher speed rate, lower power spectrum density (PSD) and stronger antijamming etc. The frameworks of network are described for UWB ad-hoc industrial network. A position based routing strategy is presented. The new routing strategy utilizes an act of orientation of UWB and tries to get sufficient route information to set up a dynamic routing list. The validity of the strategy is presented by simulation. The results show that the routing strategy can decrease the network loading caused by route discovery. The performance of new routing strategy is better than dynamic source routing (DSR).
INTRODUCTION
Industrial applications involving mobile subsystems or just the desire to save cabling make wireless technologies attractive. In a factory floor setting, for example, the benefits of using wireless technologies are manifold. First of all, the cost and time needed for the installation and maintenance of the large number of cables normally required in such an environment can be substantially reduced, thus making plant setup and reconfiguration become easy. This is especially important in harsh environments where chemicals, vibrations, or moving parts exist that could potentially damage any sort of cabling. In terms of plant flexibility, stationary systems can be wirelessly coupled to any mobile subsystems or mobile robots that may exist in order to achieve a connectivity that would otherwise be impossible. On the other hand, the task of temporarily accessing any of the machinery in the plant for diagnostic or programming purposes can be greatly simplified by the use of these wireless technologies. Along with the simplification of accessing machinery, many industrial applications exist that could benefit from the use of wireless technologies.
The ultra-wideband (UWB) radio is a widely used technique. A conceptual framework for the design of a high capacity UWB system that is robust and leverages positioning information was introduced in [1] .The first measurement results for UWB channels in industrial environments and the behavior of typical UWB system designs in the measured channels were presented in [2] .We introduce the basic framework of UWB ad-hoc industrial network. UWB is capable of recovering positional information with high precision. Position data can lead to better organization, better resource management and routing of ad-hoc industrial network. At the same time positioning can also help lower power levels by using directivity.
The paper is organized as follows. Section 2 reviews the transmission principles of UWB. Section 3 describes the proposed frameworks and presents UWBLAR routing strategy for UWB ad-hoc industrial network. Section 4 presents the simulation data and results and Section 5 discusses and analyzes the future work on UWB ad-hoc industrial network in the paper.
UWB DEFINITION
UWB systems are often defined as systems that have a relative bandwidth larger than 20% and/or absolute bandwidth of more than 500MHz [3] . UWB shows that the time-hopping code provides an additional shift of Cj*TC. When the number of users is Nu and the noise n(t) is additive, the signal at the receiver become:
K=1 i=-oo j=O (2) where index k refers to user k.
UWB AD-HOC INDUSTRIAL NETWORK

Network frameworks
Base on the characteristics of industrial network, we consider a framework for industrial wireless ad-hoc network. The basic component of an UWB ad-hoc industrial network consists of N nodes with the following properties: (1) each node can physically reach any other nodes; (2) all nodes have the same functionalities;(3) the nodes are fixed; (4) connections between nodes have QoS requirements; (5) each node has a limited output bandwidth, which corresponds to the node resource. The hypothesis that each node is in physical reach of all other nodes implies that nodes are positioned within the intersection of their coverage areas. In fact, in industrial fields some nodes are fixed especially for harsh industrial environments. The hypothesis that the nodes are in fixed positions lead to a network component consisting of a fixed number of nodes located at fixed positions. Mobility of nodes will be researched in future work. The basic frameworks of UWB ad-hoc industrial network include flat and mixed framework.
In flat framework (Fig. 1) , all nodes are peer-to-peer. They are also routers. The management and routing are distributed control. In Fig. 1 , Source node A communicates with destination node D. Path: A_B_C_D. Flat framework could provide good flexibility and fairness. It is suitable for industrial network that is a small coverage area. So the flat framework is a supplementary method for wired industrial network.
Mixed framework (Fig.2) has characteristics of flat and classed framework. The nodes that possess the same function and communication level belong to a cluster. The head nodes of different clusters form a class. Meanwhile, the nodes of a certain distance (<1Om) could be made up of a UWB field regardless of whether they are in the same cluster or not. In Fig.2 , class 1 is composed of three clusters. Their head nodes consist of class 2.The nodes in the same cluster form an ad-hoc network. The head node of cluster supports multi-hop communication. Thus adopting multi-hop technique realizes communication among nodes, the problem of long distance communication can be resolved in UWB ad-hoc industrial network. In mixed framework, the head node of cluster is a central node that manages and controls all others nodes in the cluster. But this node can not be responsible for communication between nodes in the cluster. In Fig.2 , the path from A to F is a multi-hop path. So mixed framework also supports distributed data communication. Mixed framework is suitable for setting up a big industrial network that includes many nodes and possesses distributed characteristic. 
Routing strategy
Many routing protocol for ad-hoc network have been proposed. For example, the dynamic source routing (DSR) protocol [4] and location aided routing (LAR) protocol. DSR protocol is a typical on-demand protocol. DSR floods packets to get the route to destination. Since DSR manages the duplicate request packets with a simple method, the topology information is very limited. And highly power is consumed due to flooding. Positioning information can mitigate this problem by allowing a directed flooding based on source and destination positions, as proposed LAR protocol.
The requirements of communication for ad-hoc industrial network include real-time and reliability. So the routing strategy must be parsimonious and efficient. But due to the limited resource of nodes and the characteristic of uneasy movement in the industrial environments where chemicals, vibrations, or moving parts etc, the routing strategies that have been proposed for ad-hoc network in the literature are not well suitable for industrial ad-hoc network.
Combining effect of UWB specific routing information and LAR protocol, we define a UWBLAR strategy. At physical layer, each node knows the exact position of every other node in its cluster or UWB field. This is easily achieved using UWB capabilities. We suppose that during path search each node relies on forward and backward propagation of short message within clusters and UWB fields across the entire network to ultimately collect a dynamic routing list of all available possible paths at time. So we suppose that the routing module of a source node knows the exact position of all other nodes in the network. The routing setup procedure can be described as follows:
Stepl. When a connection request is generated in the source terminal S, the head node of cluster sets up or updates list by broadcasting Route Request (RRQ) packets to its neighbors (including the nodes of its cluster, other clusters and UWB fields). The Fig.3 and Fig.4 The peculiar characteristics of the UWB radio technique offer new solutions and opportunities for industrial wireless application. The different frameworks of UWB industrial network are introduced in the paper. The routing strategy UWBLAR is designed specifically for UWB ad-hoc industrial network. It limits the flooding scope of the routing request packet while route discovery period, and reduces the distance of propagation, which results in the significant reduction in routing load and throughout of propagation. Simulation results show that UWBLAR strategy can improve the performance and can be well suitable for ad-hoc network. At present, our research that has been introduced above is based on the fixed nodes in the ad-hoc industrial network. An efficient routing strategy for mobile nodes in the UWB ad-hoc industrial network is our future work.
